Introduction
The genus Acanthopanax or Eleutherococcus is a genus within the subfamily Araliaceae comprising of the diploid species (2n = 54) and distributed mainly in northeastern Asia. Acanthopanax can be classified as narrowly adapted species because they are usually found on the subsites of several mountains, at elevations of 600 to 1.000 m. These long-lived perennials have purple, green, and white flowers and have a bisexual and mixed mating, reproductive system with selfing or out-crossing via insect-pollination (HUH et al., 2005) . Although plants grow high in the mountains on fertile soil, they are also extensively cultivated as medicinal crops. Many species of this genus are economically important for their leaves, stems, and roots which historically were used in Korea for medicine, alcoholic liquor, and beverages. about 5~7 species in Korea. The taxonomy of Acanthopanax is based mainly on morphological characteristics. However their characteristics sometimes have limited usefulness in resolving species identification.
Typical populations of many Acanthopanax species except A. sessiliflorus are small and distributed in patches. The main concern of persistence of Acanthopanax is continued habitat destruction and fragmentation. Consequently, wild Acanthopanax are in decline and populations are fragmented by human activities such as over-gathering medicinal plants. Thus Insights into the relative gene diversity among and within wild accessions of Acanthopanax would be useful in plant breeding and also for the development of strategies for ex situ conservation of plant genetic resources (BARTISH et al., 2000) .
Information on genetic variation and population structure is critical to the conservation of threatened taxa (HOLSINGER and GOTTLIEB, 1991; THOMPSON, 1999) . Genetic analyses can provide valuable insights into the process influencing extinction, while genetic data are used to define units for conservation management and for inferring changes in population structure and dynamics (MORITZ, 1995; NEWTON et al., 1999) .
Although it is important to gain knowledge of the genetic variation for conservation purposes, detailed information on the levels and distribution of this variation, as well as population structure, are not available for most woody taxa in Korea (HUH et al., 2005) . Therefore, the objectives of this study were to estimate how much genetic diversity is maintained in genus Acanthopanax and to describe how species-specific markers, which may be useful in germplasm classification are distributed among species.
Materials and Methods

Plant materials
All of the 17 populations were collected from nine taxa in Korea, China and Russia ( Table 1 ). The plant materials consisted of various accessions belonging to eight species and one variety of the genus Acanthopanax. One young leaf per mature tree (≥ 5 yr) was sampled. Fifteen plants were randomly collected from each population. In addition, two species of the same family Araliaceae, Kalopanax pictus and Panax ginseng were provided for the outgroups and used to compare the phylogenetic relationship.
Allozyme analysis
The procedures used for homogenization, starch gel electrophoresis, and enzyme assay were those described by SOLTIS et al. (1983) . Leaves were homogenized by mechanical grinding to release enzymes from the cellular and organellar membranes, using a Tris-HCl grinding buffer-PVP solution (WENDEL and WEEDEN, 1989) . Electrophoresis was performed with an 11.5 % starch gel. Enzyme systems were assayed glutamate oxaloacetate transaminase (GOT) and shikimate dehydrogenase (SKD) were resolved on System 7 (SOLTIS et al., 1983) ; fluorescent esterase (EST), acid phosphatase (ACP), leucine aminopeptidase (LAP), and peroxidase (PER), on System 9; and isocitrate dehydrogenase (IDH), glucose phosphate isomerase (PGI), malate dehydrogenase (MDH), 6-phosphogluconate dehydrogenase (PGD), and phosphoglucomutase (PGM), on System 10.
Statistical analyses
Enzymatic data were based on allele and genotype frequencies in each accession. A locus was considered polymorphic if two or more alleles were detected, and the frequency of the most common allele was less than 0.99. Several standard genetic parameters were estimated using a computer program developed by M. D. LOVELESS and A. F. SCHNABEL (EDWARDS and SHARITZ, 2000) . The percentage of polymorphic loci (P) (P p for population level and P s for species level), mean number of alleles per locus (A), effective number of alleles per locus (A E ), number of alleles per polymorphic locus (A P ), and gene diversity (H E ) were estimated from the data. Observed heterozygosity (H O ) was compared with the HardyWeinberg expected value using Wright's fixation index (F) (Wright 1965 ). These indices were tested for deviation from zero by χ 2 -statistics following LI and HORVITZ (1953) . NEI's gene diversity formulae (H T , H S , D ST , and G ST ) were used to evaluate genetic diversity within and among populations (NEI, 1973) . The G ST coefficient corresponds to the relative amount of differentiation among populations. In addition, χ 2 -statistics were used to detect significant differences in allele frequencies among populations for each locus (WORKMAN and NISWANDER, 1970 ). NEI's genetic identity (I) (NEI, 1973) was calculated for each pairwise combination of populations. A phylogenetic tree was constructed by the neighborjoining (NJ) method (SAITOU and NEI, 1987) using the NEIGH-BOR program in PHYLIP version 3.57 (FELSENSTEIN, 1993) . The genetic structure within and among populations was also evaluated using Wright's (1965) F-statis- (LI and HORVITZ, 1953) . In the context of multiallelic loci F ST is denoted as G ST (NEI, 1973) . The estimate of Nm (the number of migrants per generation) was based on G ST (SLATKIN and BARTON, 1989) .
Results
The level of genetic variation was high in 17 populations of Acanthopanax ( Table 2) . Eleven of 23 loci (47.8%) showed polymorphism in at least one species, while the remaining twelve (Acp-1, Got, were monomorphic in all species. An average of 34.0% of the loci was polymorphic within species, with individual-accession values ranging from 13.0 to 47.8 %. The majority of the polymorphic loci expressed two (Est-1, Skd, or three alleles (Idh-2 and Pgd-1).
Across accessions, the average number of alleles per locus (A) was 1.36, ranging from 1.13 to 1.57 ( Table 2 ). The effective numbers of alleles per locus at the species (A es ) and the accession levels (A ep ) were 1.25 and 1.15, respectively. Numbers of alleles per polymorphic locus (A p ) were 2.05 across accessions, varying from 2.00 to 2.44. Mean genetic diversity within accessions was 0.096. In particular, the accession SES101 had the highest expected diversity (0.168); accession GRA901, the lowest (0.028). (Table 3) . Interlocus variation in the within-accession genetic diversity (H S ) was high (0.210). On a per-locus basis, the proportion of total genetic variation due to differences among accessions (G ST ) ranged from 0.006 for Est-1 to 0.142 for Per-1, with a mean of 0.069. This indicated that about 6.9 % of the total allozyme variation was among species. The estimate of gene flow, based on G ST , was slightly high among accessions of Acanthopanax (N m = 0.069). Values of genetic distance (D) were < 3.159. Genetic identity values among pairs of accessions ranged from 0.336 to 0.994.
Our analysis of fixation indices, calculated for all polymorphic loci in each accession, showed a slight deficiency of heterozygotes relative to Hardy-Weinberg expectations (Table 4) . For example, most fixation indices were positive (110/130), of which 16 indices (14.5 %) departed significantly from zero (p < 0.05). In contrast, of 20 negative indices, none was significant from zero (P > 0.05).
Adh-2-a allele can be recognized as unique allele of A. sessiliflorus and it is not found in any other species. Differences of allelic frequencies for other alleles are also existed among species (data not shown).
Clustering of Acanthopanax accessions, using NJ, was performed based on genetic distances (Fig. 1) . The dendrogram showed several distinct groups. Although many accessions were well separated from each other, this tree also did not reveal any genetic differentiation among accessions for either A. senticosus or A. senticosus for. inermis. 
Discussion
In allozyme analysis, nine species belonging to genus Acanthopanax maintain a lower than average level of genetic diversity compared with other plant species (HAMRICK and GODT, 1989) . For example, its genetic diversity of 0.096 is lower than that for temperate-zone species (0.146), dicots (0.136), species with a sexual reproduction mode (0.151), and those with a long-lived woody habit (0.177) (HAMRICK and GODT, 1989) . The percentage of polymorphic loci at the species level for Acanthopanax is 34.0 %, which is also lower than that for species with temperature-zone distributions (48.5 %), dicots (44.8 %), species with a sexual reproduction mode (51.6 %), and long-lived and woody (64.7 %) (HAMRICK and GODT, 1989) .
A striking feature of this study is the lacking of intrapopulations variation. Only 6.9 % variation was found among populations and about 93.1% within populations. The Korean populations were less differentiated than other insect or wind-pollinated outcrossing species (HAMRICK et al., 1992) .
Common life history traits, such as wind dispersal or animal dispersal of both pollen grains and seeds, reproductive capability, similar longevity and successional behavior, could more readily account for most of the homology in the population genetics of these species, and most likely for the low differentiation observed at the intraspecific (LOVELESS and HAMRICK, 1984) .
Geographic range has been shown to be strongly associated with the level of variation maintained both within populations and at the species level (THOMPSON, 1999) . Widely distributed species tend to maintain more variation than the more narrowly distributed species level (LOVELESS and HAMRICK, 1984; HAMRICK and GODT, 1989) . For all Korean Acanthopanax taxa where the number of alleles per polymorphic loci was calculated, relatively widespread species (A. sessiliflorus and A. senticosus) had more alleles than restricted species (A. koreanum, A. chiisanensis, and A. rufinerve) . In addition, effective population sizes also have an important role in maintaining genetic diversity. The periodical cutting of branches and stems has often been moved from hillside to nearby farmhouses for the purpose of medicine during the past several decades. Small populations tend to have fewer multilocus genotypes and genetic diversity than large populations. If Acanthopanax is self-compatible, smaller populations probably exhibit more selfing than larger populations by virtue of the limited opportunities for outcrossing during any flowering season. Considering the small and isolated populations observed in Acanthopanax, probable mating among relatives via localized pollinator behavior rather than self-pollinating occurs within these populations. Such structure can lead to biparental inbreeding or sib-mating, causing heterozygote deficiencies.
A substantial heterozygote deficiency in some populations and at some loci (F IS = 0.195) ( Table 3 ). The patch distribution of related individuals should generate a Wahlund effect. Our sampling included individuals from several patches per population, resulting in an overall deficiency of heterozygotes. It is probable that the combination of these factors may contribute to heterozygote deficiencies within these populations ( Table 3) .
A. senticosus and A. senticosus for. inermis were morphologically distinguished from each other. One of the most striking features between both taxa were the sharp and stiff spines (or thorns) growing along the stem. A. senticosus is covered with many spines, whereas A. senticosus for. inermis is thornless. Three species (A. koreanum, A. seoulense and A. rufinerve) from Korea formed another group in allozyme markers. A. koreanum was closely related to the populations from the southern part of the coast of the Korean Peninsula. A. rufinerve has many hairs on leaves. A. chiisanensis is most closely related to A. senticosus. Thus this species is considered a sister species of A. senticosus.
By current categories for threatened taxa in Korea, almost all species belonging to genus Acanthopanax should be considered threatened. The probability of extinction of any single population is high, since the populations of natural A. senticosus are so small. Ecological management of these populations will be necessary to preserve the species. Many other populations of Acanthopanax as well as A. senticosus are declining in population size because of habitat loss from harvesting for medicinal purposes. Populations showing the highest genetic diversity by allozymes could be recommended for in-situ conservation.
